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Description 

[0001 ] The present Invention relates to a memory de- 
vice, and more particularly, to a high-density memory 
device using a carbon nanotube as a vertical electron s 
transport channel. 

[0002] IVlemory devices using a semiconductor gen- , 
erally include.a transistor, which serves as a switch for 
forming a cuaent path when information Is written to or 
read from a capacitor, and a capacitor, which stores and io 
preserves electrical charges. In order to make a current 
flow of large intensity In the transistor, the transistor 
needs to have a high transconductance (gm) character- 
istic. Accordingly, a conventional Metal Oxide Field Ef- 
fect Transistor (MOSFET) having a high transconduct- i5 
ance characteristic has been lately used as a switching 
device for a semiconductor memory device. 
[0003] The conventional MOSFET mainly includes a 
control gate formed of doped polycrystalline silicon and 
a source and drain region fonned of doped crystalline 20 
silicon. Under the same voltage condition, the transcon- 
ductance of the MOSFET is inversely proportional to a 
channel length and the thickness of a gate oxide layer 
but is proportional to a surface mobility, a dielectric con- 
stant of the gate oxide layer, and a channel width. Since 25 
the surface mobility and the dielectric constant of an ox- 
ide layer are predetermined according to materials, 
such as a silicon wafer with an orientation and a silicon 
oxide layer, a high transconductance can be accom- 
plished by increasing a ratio of the channel width to the 30 
channel length or decreasing the thickness of the oxide 
layer. 

[0004] However, the physical size of the conventional 
MOSFET needs to be reduced In order to manufacture 
a high-density memory device, so the size of the gate 35 
and the size of the source and drain region also need to 
be reduced, which causes various problems. 
[0005] For example, when the size of a control gate 
is reduced, a cross section of the control gate is re- 
duced, which Induces a. large electrical resistance in a 
transistor Reduction of the source and drain region 
causes thethlckness, i.e., junction depth, to be reduced, 
and therefore, a large electrical resistance is induced or 
a punch through phenomenon, in which a depletion lay- 
er of a source contacts a depletion layer of a drain due 
to a decrease in a distance between the source and the 
drain, occurs. Oonsequently. it is impossible to control 
a cun-ent flow. In addition, size reduction of such a mem- 
ory device decreases the width of a channel functioning 
as a current path below 30 nm, and therefore, the flow so 
of cun-ent Is disturbed. As a result, the memory device 
operates abnomnally. In other words, the use of the con- 
ventional silicon MOSFET is limited in accomplishing a 
high density memory device. 

[0006] According to an aspect of the present Inven- ss 
tion, there Is provided a memory device including a sub- 
strate having a source region; a nanotube aray, which 
is composed of a plurality of nanotube columns which 



are vertically grown on the substrate such that one end 
of the nanotube array is in contact with the source re- 
gion, thereby functioning as an electron transport chan- 
nel; a memory cell, which Is fonned around an outer side 
surface of the nanotube array; a control gate, which is 
formed around an outer side surface of the memory cell; 
and a drain region, which is In contact with the other end 
of the nanotube array. 

[0007] The present invention provides a high-density 
memory device which prevents a resistance from in- 
creasing due to miniaturization and reduces the risk of 
an abnonnal operation by using a nanotube. 
[0008] Preferably, the substrate is made of aluminum 
oxide, silicon, or a mesbporous material. 
[0009] Preferably the plurality of nanotube columns 
are made of carbon, boronitride, or gallium phosphate. 
[0010] Preferably, the memory cell includes a first In- 
sulation layer fonmed around the outer side surface of 
the nanotube an-ay; an electron storing layer formed 
around an outer side surface of the first insulation layer; 
and a second insulation layer fonned around an outer 
side surface of the electron storing layer to be in contact 
with the control gaite. 

[001 1] Preferably, the first and second Insulation lay- 
ers are silicon oxide layers. 

[0012] Preferably the electron storing layer is a silicon 
layer or a silicon nitride layer. 
[0013] Preferably the electron storing layer has a 
thickness of 1 00 nm or less, and the electron storing lay- 
er is a porous layer including a plurality of nanodots filled 
with an electron storing material. 
[0014] Preferably, the electron storing material is sili- 
con or silicon nitride. 

[001 5] Preferably, the porous layer Is an aluminum ox- 
ide layer. 

[0016] Preferably, the nanodots have a diameter of 
100 nm or less. 

[0017] The present Invention provides a high-density 
and large capacity memory device by utilizing a nano- 
tube as an electron transport channel and vertically ar- 
ranging a plurality of nanotube columns. 
[001 8] The above and other features and advantages 
of the present Invention will become more apparent by 
describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 A is a cross section of a memory device ac- 
cording to a first embodiment of the present inven- 
tion; 

FIG.1B is a perspective view of a memory device 
according to the first embodiment of the present in- 
ventipn; 

FIG. 2 is a cross section of a memory device ac- 
cording to a second embodiment of the present in- 
vention; 

FIG. 3 is a photograph of carbon nanotubes grown 
on a substrate in order to manufacture a memory 
device according to the first embodiment of the 
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present invention; and 

FIG. 4 is a graph showing current-voltage (l-V) char- 
acteristics of a memory device according to the first 
embodiment of the present invention. 
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[0019] Hereinafter, preferred embodiments of the 
present invention will be described In detail with refer- 
ence to the attached drawings. 
[0020] FIGS. 1 A and 1 B are a cross section and a per- 
spective view, respectively, of a memory device accord- io 
ing to a first embodiment of the present invention. Re- 
ferring to FIGS. 1 A and IB, a substrate 11 includes a 
source region (S) 1 3. A nanotube column 1 0 is vertically 
positioned on a top surface of the substrate 11 to be con- 
nected to the source region 13. A memory cell 19 is 15 
formed around an outer surface of the nanotube column 
1 0. A control gate (G) 1 7 is fonned around an outer sur- 
face of the memory cell 19. A drain region (D) 15 Is 
formed on a top surface of the nanotube column 10 and 
the memory cell 1 9. A plurality of memory devices hav- 20 
ing this structure may form an array on the substrate 1 1 . 
[0021 ] It is preferable that the substrate 1 1 is made of 
aluminum oxide (AI2O3), silicon (SI), or mesoporous ma- 
terial. The source region 1 3 is fonned by doping the sub- 
strate 11 with ions. 

[0022] The nanotube column 1 0 can be f omied using 
a semiconductor nanotube such as a carbon nanotube, 
a boronltride (BN) nanotube, or a gallium phosphate na- 
notube. Nanotubes are divided into metal nanotubes 
and semiconductor nanotubes according to electrical 
characteristics. Metal nanotubes are not influenced by 
a gate voltage and have linear current-voltage charac- 
teristics, and semiconductor nanotubes are Influenced 
by a gate voltage and have non-linear cun^ent-voltage 
characteristics. A memory device according to the 
present invention uses semiconductor nanotubes so 
that the flow of electrons, i.e., current, moving through 
the nanotube columns 10 Is controlled according to a 
gate voltage applied to the control gate 1 7. 
[0023] Here, carbon nanotubes utilized as nanotube 
columns 1 0 are grown on the substrate 1 1 using arc dis- 
charge, laser vaporization, plasma enhanced chemical 
vapor deposition (PECVD), themnal chemical vapor 
deposition, or a vapor phase growth such that one end 
of each carbon nanotube columns 10 is in contact with 
the source region 13. 

[0024] The memory cell 1 9 fonmed around the outer 
side surface of the nanotube column 10 may be made 
of an oxide-nitride-oxide (ONO) layer, in which oxide lay- 
ers 19a and 19c function as insulation layers and a ni- 
tride layer 1 9b functions as an electron storing layer. The 
ONO layer may be fomned using chemical vapor depo- 
sition (CVD) or heat treatment. The nitride layer 1 9b may 
be made of silicon nitride (Si3N4). instead of a nitride 
layer, a silicon layer may be used. It is preferable that 
the thickness of the memory cell 1 9 is less than 200 nm 
and the thickness of the nitride layer 19b Is 100 nm or 
less. 



[0025] The control gate 1 7 is formed around the outer 
side surface of the memory cell 1 9. The drain region 1 5 
is formed on the top surface of the nanotube column 1 0 
and the memory cell 19 to be in contact with the other 
end of the nanotube column 10. 
[0026] FIG. 2 is a cross section of a memory device 
according to a second embodiment of the present in- 
vention. The memory device shown in FIG. 2 has the 
same structure as the memory device according to the 
first embodiment shown In FIGS. 1A and 18, with the 
exception that a memory cell 29 includes a porous layer 
29b containing a nanodot 28 filled with an electron stor- 
ing material. Reference numerals 29a and 29c denotes 
layers having the same f u notions as the oxide layers 1 9a 
and 19c, respectively, shown in FIGS. 1A and IB. 
[0027] When the porous layer 29b is formed, an elec- 
tric power is applied to an aluminum substrate placed In 
a sulphuric acid solution or a phosphoric acid solution 
so as to anodize the aluminum substrate, thereby fonm- 
ing a plurality of nanodots 28. Then, the nanodots 28 
are filled with an electron storing material such as silicon 
or silicon nitride using CVD or sputtering. Thus, the po- 
rous layer 29b functions as an electron storing layer. 
[0028] FIG. 3 is a photograph of cariaon nanotubes 
grown on a substrate in order to manufacture a memory 
device according to the first erinbodiment of the present 
invention. 

[0029] FIG. 4 is a graph showing current-voltage (l-V) 
characteristics of a memory device according to the first 
embodiment of the present Invention, Referring to FIG. 
4, a drain cun^ent 1^ Is maintained constant until a gate 
voltage Increases from a negative value to 0 and then 
remaricabiy decreases when the gate voltage increases 
above 0. In other words, the memory device according 
to the first embodiment of the present invention cleariy 
shows the operating characteristics of a high density 
memory device. 

[0030] According to the present Invention, an ultra- 
high density memory device can be implemented using 
nanotubes. Since the ultrahigh density memory device 
can be structured on a substrate without perfonning a 
doping process by using self-assembly when the 
present Invention Is Implemented, manufacturing proc- 
esses therefor can be simplified. 
[0031] While this invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, the preferred embodiments should 
be considered in descriptive senses only and not for pur- 
poses of limitation. For example, other materials having 
an excellent ability to capture electrons can be used as 
an electron storing layer or material. Therefore, the 
scope of the invention Is defined not by the detailed de- 
scription of the invention but by the appended claims. 
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1 . A memory device comprising: 
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the nanodots have a diameter of 1 00 nm or less. 
PatentansprQche 
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1 . Speichervorrichtung umfassend: 



a substrate having a source region; 
.a nanotube array, which is composed of a plu- 
rality of nanotube columns which are vertically 
arranged on the substrate such that one end of 
the nanotube array is in contact with the source 
region, thereby functioning as an electron 
transport channel; 

a memory cell, which is fonned around an outer 

side surface of the nanotube an'ay; 

a control gate, which is formed around an outer 

side surface of the memory cell; and 

a drain region, which is in contact with the other 

end of the nanotube array. 

. 2. The memory device of claim 1 , wherein the sub- 
strate is made of one selected from the group con- 
sisting of aluminum oxide, silicon, and a mesopo- 
rous material. 

3. The memory device of claim 1 or 2, wherein the plu- 
rality of nanotube columns are made of one select- 
ed from the group consisting of carbon, boronitride, 
and^gallium phosphate. 

4. The memory device of any preceding claim, where- 
in the memory cell comprises: 

a first insulation layer formed around the outer 
side surface of the nanotube an'ay; 
an electron storing layer fonned around an out- 
er side surface of the first insulation layer; and 
asecond insulation layerfonned around an out- 
er side surface of the electron storing layer to 
be in contact with the control gate. 

5. The memory device of claim 4, wherein the first and 
second insulation layers are silicon oxide layers. 

6. The memory device of claim 4 or 5, wherein the 
electron storing layer is one of a silicon layer and a 
silicon nitride layer. 

7. The memory device of claim 4, 5 or 6, wherein the 
electron storing layer has a thickness of 1 00 nm or 
less. 

8. The memory device of claim 4, 5, 6 or 7, wherein 
the electron storing layer is a porous layer compris- 
ing a plurality of nanodots filled with an electron 
storing material. 

9. The memory device of claim 8, wherein the electron 
storing material is one of silicon and silicon nitride. 

10. The memory device of claim 8 or 9, wherein the po- 
rous layer is an aluminum oxide layer. 

11 . The memory device of claims 5 through 10, wherein 



ein Substrat mit einem Sourceberelch; 

eine Nanorohrenanordnung, die aus einer 

10 Mehrzahl von Nanorohrensaulen gebildet ist, 

die vertikal auf dem Substrat derart angeordnet 
sind, dass ein Ende der Nanorohrenanordnung 
mit dem Sourcebereich in Kontakl steht, wo- 
durch sie als Eiektronentransportkanal funktlo- 

15 niert; 

eine Speicherzelle, die um eine AuBenseiten- 
flache der Nanorohrenanordnung gebildet ist; 
ein Steuergate, das um eine Au3enseitenfl3- 
che der Speicherzelle gebildet ist; und 

20 einen Drainbereich, der mit dem anderen Ende 

der Nanordhrenanordnung in Kontakt steht. 

2. Spelchen/orrlchtung nach Anspruch 1 , worin das 
Substrat aus einem ausgewahit aus der Gruppe be- 

25 stehend aus Aluminiumoxid, Silicium und einem 
mesoporosen Material gebildet ist. 

3. Speichervorrichtung nach Anspruch 1 oder 2, worin 
die Mehrzahl von Nanorohrensaulen aus einem 

30 ausgewahit aus der Gruppe bestehend aus Kohlen- 
stoff, Bornitrid und Galliunnphosphat gebildet ist. 

4. Speichervorrichtung nach einem der vorhergehen- 
den Anspruche, worin die Speicherzelle umfasst: 

eine erste Isoiierschicht gebildet um die AuBen- 
seitenflache der Nanordhrenanordnung; 
eine Elektronenspelcherschicht gebildet um ei- 
ne AulBenseitenflache der ersten Isoiierschicht; 
und 

eine zweite Isoiierschicht gebildet um eine Au- 
Benseitenflache der Elektronenspeicher- 
schicht, so dass sie mit dem Steuergate In Kon- 
takt steht. 

5. Speichervorrichtung nach Anspruch 4, worin die er- 
ste und zweite Isoiierschicht Siliciumoxidschichten 
sind. 

50 6. Speichervorrichtung nach Anspruch 4 oder 5, worin 
die Elektronenspelcherschicht eine Slliciumschicht 
Oder eine Siliciumnltridschicht ist. 

7. Speichervorrichtung nach Anspruch 4, 5 oder 6, 
55 worin die Elektronenspelcherschicht eine Dicke von 

1 00 nm Oder weniger aufweist. 

8. Speichervorrichtung nach Anspruch 4, 5, 6 oder 7, 
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worin die Elektronenspeicherschicht eine porose 
Schlcht ist, die eine Mehrzahl von Nanodots gefiillt 
mit einem Elektronenspeicheimateria! umfasst. 

9. Speichervorrichtung nach Anspruch 8, worin das 
Elektronenspeichermaterial Sillcium Oder Silicium- 
nitrid ist. ■ 

10. Speichervorrichtung nach Anspruch 8 oder 9, worin 
die porose Schicht eine Aluminiumoxidschicht ist. 

11. Speichervorrichtung nach den Anspriichen 5 bis 
1 0, worin die Nanodots elnen Durchnnesser von 1 00 
nm Oder weniger aufweisen. 

Revendications 

1 . Dispositif de nn^moire comprenant : 

un mat^riau de base poss6dant une region de 
source ; 

un ensemble de nanotube, compost d'une plu- 
rality de colonnes de nanotube dispos6es ver- 
ticalement sur le mat6riau de base de telle ma- 
niere qu'une extr6mit6 de I'ensemble cJe nano- 
tube soit en contact avec la r6gion de source, 
fonctionnant ainsi comme un canal de transport 
d'6lectrons ; 

une cellule de m6moire, form6e autour d'une 
surface du c6t6 exteme de I'ensemble de 
nanotube ; 

une porte de commande, fonn6e autour d'une 
surface du cdt6 externe de la cellule de 
m6moire ; et 

une region de drain, en contact avec I'autre ex- 
tr6mlt^ de I'ensemble de nanotube. 

2. Dispositif de m6moire selon la revendicatlon 1, 
dans lequel le matdriau de base est compost de 
r6l6ment choisi dans le groupe comprenant de I'alu- 
mine, du slliclum, et un mat6rlau m6soporeux. 

3. Dispositif de m6moire selon la revendicatlon 1 ou 
2, dans lequel la plurality de colonnes de nanotube 
sont compos§es d'un 6l6ment choisi dans le groupe 
comprenant du carbone, du boronitrure, et du phos- 
phate de gallium. 

4. Dispositif de m6molre selon I'une quelconque des 
revendications pr^c^dentes. dans lequel la cellule 
de m^moire comprend : 

une premifere couche d'isolement form6e 
autour de la surface du c6t6 externe de I'en- 
sembie de nanotube ; 

une couche de stocicage d'^lectrons form^e 
autour d'une surface du cdt6 externe de la pre- 



miere couche d'isolement ; et 
une seconde couche d'isolement form6e 
autour d'une surface du c6t6 exteme de la cou- 
che de stockage d'^lectrons offrant un contact 
5 avec la porte de commande. 

5. Dispositif de m6moire selon la revendicatlon 4, 
dans lequel ia premiere et la seconde couches 
d'isolement sont des couches d'oxyde de silicium. 

10 

6. Dispositif de m6moire selon la revendicatlon 4 ou 

5, dans lequel la couche de stockage d'6lectrons 
est compos^e d'une couche de silicium et d'une 
couche de nitrure de slliclum. 

IS 

7. Dispositif de m6moire selon la revendication 4, 5 ou 

6, dans lequel la couche de stockage d'6lectrons 
poss^de une ^palsseur de 100 nm ou moins. 

20 8. Dispositif de m6moire selon la revendication 4, 5, 6 
ou 7, dans lequel la couche de stockage d'6lectrons 
est une couche poreuse comprenant une plurality 
de nanopoints remplis d'un mat^riau de stockage 
d'^lectrons. 

25 

9. Dispositif de m6moire selon la revendication 8, 
dans lequel le matdrlau de stockage d'6lectrons est 
compost de silicium et de nitrure de silicium. 

30 10. Dispositif de m^moire selon la revendication 8 ou 
9, dans lequel la couche poreuse est une couche 
d'oxyde d'alumlnium. 

11. Dispositif de m6moire selon les revendications 5 k 
35 10, dans lequel les nanopoints possedent un dia- 
mdtre de 100 nm ou moins. 
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